Defined substrate (DS) is an alternative technique to monitoring the water quality based on species-specific enzyme activity. Although more sensitive and more specific than traditional media, there is some controversy over use in the warmer waters of tropical and subtropical environments, rich in organic matter and microorganism groups capable of interfering with results. The aim of this study was to test the specificity of DS method (Colilert, IDEXX) for detection of coliforms and Escherichia coli in stormwater seawater samples from a coastal city (Fortaleza, Brazil) compared to findings obtained with the multiple tube fermentation (MTF) method. The samples were collected from stormsewers and adjacent seashore locations. The most probable number (MPN) of total coliforms (TC), thermotolerant coliforms (TtC) and E. coli was determined and the selectivity of the enzymatic substrate medium in the seawater samples was tested. The MTF method showed samples from sampling points 1, 2 and 3 to be 13.3, 13.3 and 46.7%, respectively, above the legal cut-off value for coastal balneability. With the DS method, the corresponding figures were 60, 53.3 and 80% for E. coli. Overall, coliform levels were higher with the DS medium. Vibrios and aeromonads were isolated from E. coli-positive DS tubes.
INTRODUCTION
The contamination of the marine environment by sewage of both domestic and industrial origin is a major public health concern around the world. Thus, monitoring the microbiological quality of coastal waters is an essential measure to ensure the safety of recreational beach-goers. Sources of contamination of surface water include urban and farm run-off, discharge from wastewater treatment facilities and stormsewers.
Historically, fecal coliforms and Escherichia coli have been used as indicators of balneability. The organisms employed for this purpose are rarely pathogenic in themselves but reflect the degree of mixture with untreated wastewater (Lopez-Pila 1998). Coliforms, particularly of the species E. coli, have since the late 19th century been used as an indicator of water quality. The multiple-tube fermentation (MTF) technique relies on the ability of coliforms to ferment lactose at 358C (or at 44.58C for thermotolerant) (Rompré et al. 2002) . In spite of divergent views over the use of coliform group to indicate contamination in marine and estuarine environments, these organisms are widely employed as a balneability parameter in marine environments (Gray 1999) .
The MTF technique and the membrane filter (MF) technique are traditional methods for determining total doi: 10.2166/wh.2010.132 
METHODS

Samples
Bacteriological analyses were performed on freshwater samples (SEW) from three stormwater drain systems located along the seashore east of Fortaleza (Northeastern Brazil) (Figure 1 ) and on seawater samples (SEA) from the corresponding discharge zones on the beach. The collections were conducted between September to March, a period with a high influx of bathers in coastal zone of Fortaleza. About 1 liter of water samples were collected biweekly during high and low tide, accommodated in sterile amber vials and transported to the laboratory in ice boxes. However, since the sampling was biweekly (and not weekly as determined by the law), the influence of the choice of detection method on the classification of balneability was assessed using the cut-off values 2,500 MPN of TC and 2,000 MPN of E. coli.
Statistical analysis
The observed numbers of TC, TtC and E. coli were converted to log 10 values and expressed as log 10 MPN per 100 mL water. 
RESULTS
Eighty-seven water samples were analyzed. Of these, 42 came from stormsewers and 45 came from the corresponding discharge zones on the beach (Table 1 ).
The numbers of TC, TtC and E. coli were invariably greater in samples from stormsewers than in seawater samples.
Values were higher with the DS method than with MTF method for both types of samples. However, the detection methods employed yielded discrepant results:
using the DS method the number of E. coli-a subgroup of above the cut-off value of 2000 MPN of E. coli/100 mL (Table 3 ).
In this study the selectivity of the DS medium to seawater was also tested. From 20 wells analyzed, 13 (65%) presented growth on TCBS agar and 27 strains with different colony morphology were isolated from the TCBS plates. Nine of the isolated strains were identified as vibrios while 6 were aeromonads. Twelve strains (44.4%) tested
were Vibrio and Aeromonas-negative (Table 4) . EMB agar plates inoculated from wells with negative DS medium showed no growth.
DISCUSSION
The absence of correlation in TC concentrations between SEW and SEA samples may be due to (a) the lethal effect of saltwater on the bacteria, especially on thermotolerant coliforms and/or (b) the dilution of the discharged sewage in the seawater in the tidal zone. Together these effects would rapidly decrease the concentration of coliforms in the water along the shore.
The estimated values obtained with DS were invariably higher than those obtained with traditional media for both sample types. The present results disagree with findings published by Gale & Broberg (1993) and by Grasso et al.
(2000) whose counts were higher when using the traditional MTF technique with freshwater samples. In this case, the discrepancy between the results may be due to differences in sample type, considering that our study was based on stormsewer and seawater samples. The presence of high Vibrionaceae ( and Cardonha et al. (2004) .
The E. coli concentrations detected by DS medium were also invariably higher than TtC concentrations in both sample types. In their analysis of seawater, Palmer et al. produced by other bacteria may also play an important role (Fiksdal et al. 1997; Tryland & Fiksdal 1998) .
Vibrios have already been implicated as a source of b-D-galactosidase activity in seawater (Geissler et al. 2000) .
The ability of aeromonads to mediate false-positive reactions in Colilert has also been demonstrated (Landre et al. 1998) . Since twelve of the isolates did not belong to the families Vibrionaceae or Aeromonadaceae, it is clear that the medium may allow for and be influenced by bacterial growth associated with other groups. The presence of ONPG-positive strains in seawater capable of interfering with the enzyme substrate has been reported by a number of researchers (Kaspar et al. 1987; Geissler et al. 2000; Pisciotta et al. 2002) . According to Hartman (1989) , the enzyme beta-
strains, but may also be observed in Salmonella, Shigella (Davies et al. 1994) . Some authors assume that 4% of E. coli strains are b-D-glucuronidase-negative (Moberg 1985; Peterson et al. 1987) . In this study no false-negative results were registered. Schets et al. (1993) found that
Colilert gave false-negative results in water samples with low numbers of E. coli or total coliforms, indicating that Colilert does not always support the growth of these environmental indicators. In a study involving human feces, 34% of the strains were negative to hydrolyse 
